Sustainability, population and structure of woody species composition of Taraba state forests were studied for future management strategies that allow a more sustainable use of woody species and a better conservation of forest ecosystems. The objectives of the study were to study the woody species dominance, important value index and population structure in different ecological zones of Taraba State forests. Data were obtained through woody species survey and the study area was stratified into three ecological zones and two protected areas. Five plots each measuring 50×50 m were sampled in each protected area and two protected areas were also sampled from each ecological zone. A total of 30 plots and 6 protected areas were sampled and all the woody species that occurred in the plots were also sampled. Data were analyzed using descriptive and inferential statistics such as Tables, percentages, frequency, ANOVA and LSD. A total of 3760 individual Bunde et al.; AJRAF, 2(4): 1-13, 2018; Article no.AJRAF.47525 2 woody stands from 60, 34 and 32 species in Montane Forest, Southern and Northern Guinea Savanna respectively were recorded. Strombosia postulate, Pleiocarpa pycnantha, Pericopsis laxiflora, Hymenocardia acida and Ziziphus mauritiana were the dominance species while their corresponding rarest species were Goria sp, Afzelia africana, Elaesis guneensis, Combretum tomentosum and Ficus sur. Strombosia postulate and Pleiocarpa pycnantha were the dominant woody species with high important value indices in Montane forest zone as opposed to Pericopsis laxiflora and Ziziphus mauritiana which dominated the Southern and Northern guinea savanna respectively. The rarest species of Goria sp, Afzelia africana, Elaesis guneensis, Combretum tomentosum and Ficus sur in the study area could be connected to its usefulness as fodder species. The population structure of woody species was found to be very low in the middle diameter classes.The diameter class distribution resembles interrupted "U" shape indicating the removal of merchantable trees. There were no significant differences (p>0.05) among the protected areas and ecological zones due to the low dominance and important value indices. This needs appropriate management techniques to improve forest composition and structure in the study area for sustainability.
INTRODUCTION
Woody species composition and structure in an area depend on climatic and adaphic factors, these factors have recently been overwhelmed by anthropogenic factors especially in the tropics. Tropical forests are the richest biological communities on earth and have been recognized to harbor a significant proportion of global biodiversity [1] . These forest ecosystems which constitute a major woody species play critical roles in providing goods and services necessary for the well-being of both humans and animals at a range of scale from local to global [2, 3] . The composition and structure of the tropical forests, which are home to around half of the terrestrial plant and animal species, are being destroyed at rates unprecedented in ecological history [3, 4, 5] resulting to the extinctions of many species. Several authors [6, 7] estimated that Nigeria habours 5,103 plant species; out of which 8.5% are threatened and 0.4% is endangered. The current estimates suggest that over 500 tree species are threatened with extinction [8] .
Taraba State is one of the few States in Nigeria that possess a unique characteristic of natural forests. Many of the woody species found in these forests are characterized by short and irregular-shaped with many under growths including grasses that are burned annually. The woody plants and the environment in Taraba State have been used so much that the composition and structure of these species is gradually changing. The degradation of this environment continues and many ecosystems are increasingly vulnerable to collapse because of reduced habitat quality, unsustainable use and management of woody species which serves as the bedrock of the ecological communities. This necessitate the need to understand forest composition and structure [9] so that recommendations can be made for the restoration and future management [10] . The objectives of the study were to study the woody species dominance, important value index and population structure in different ecological zones of Taraba State forests.
MATERIALS AND METHODS

Study Area
Taraba State in Nigeria lies between latitudes 7°00' 00" N and 9° 58' 51" N and longitudes 9° 52' 28" E and 12° 39' 51" E. It occupies a total land mass of approximately 54, 473 km 2 (Fig. 1 ). The State is bordered on the northwest by Gombe State, west by Plateau and Nassarawa States and by Adamawa State in the northeast. It also shares its southwest boundary with Benue State. An international boundary on the east separates Taraba State from the republic of Cameroon [11] . The state is made up of three (3) major ecological zones which include Southern guinea savanna located in the south western part of the State, Northern guinea savanna in the northeast and Montane Forest in the southeast [12] .
Data Collection and Analysis
The study site was stratified into three ecological zones namely; Northern Guinea Savanna (NGS), Southern Guinea Savanna (SGS) and Montane Forest (MF). Two protected areas were randomly selected from each of the ecological zones. A grid of plots that cover the entire survey protected areas was generated first, all the plots were given a sequential number and the sampled plots were randomly selected from the grids. 5 plots measuring 50 m×50 m were randomly sampled from each protected area and a total of 30 plots and 6 protected areas were sampled in the study. The number of individuals of each woody species occurring within a sample plot was counted and recorded. Woody species identification was done first directly on the field using the field identification guides developed by Keller, [13] for tropical ecosystems.
In cases where identification was not possible, tree species specimens were taken to experts for later identification. In addition, Tree diameter at breast height (DBH) was measured using diameter measuring tape and ranging poles. DBH of all trees above 1.3 m from the ground was measured. In cases where a tree bole branched at breast height or below, the diameter was measured separately for the branches and averaged as one DBH and in cases where tree boles buttressed, DBH measurement was taken from the point just above the buttresses. Data were analyzed on SPSS version 20 software using the statistical tools. The number of species i.e. species composition was determined by summing up the number of species identified directly in the field from each plot and the quantitative analysis was made using data from density, abundance, frequency of distribution of each species in the study sites. The population structure of all the individuals of each species encountered in each protected area was grouped into diameter classes to analyze the woody species structure. This was assessed through Bar charts and diameter curve constructed by using the density of individuals of each species (Y-axis) categorized into eight diameter classes (X-axis) as it was used by Neelo, [3] .That is 1 = < 11 cm; 2 = 11 -20 cm; 3 = 21 -30 cm; 4 = 31 -40 cm; 5 = 41 -50 cm; 6 = 51 -60 cm; 7 = 61 -70 cm; 8 = > 70 cm. Based on this profile, the population structures of woody species was determined.
Data collected was also subjected to two -way analysis of variance (ANOVA) using basal area on SPSS version 20 software to test for the significant difference among the protected areas and ecological zones. Frequencies and percentages were generated by SPSS and presented in tables or Figures.
RESULTS
Woody Species Compositions
Results of woody species composition in the study area shown in Fig. 2 (Fig. 2) . A total of 55 woody species found in MF were not found in SGS and NGS. Only 7 and 1 species were common to SGS and NGS respectively. Ficus sur species was common to MF, SGS and NGS (Appendix I).
Basal area provides the measure of the relative importance of the species. Species with largest contribution in dominance value through higher basal area were considered as the most important species in the study area. Analysis of species' important value index (Appendix I) in MF revealed that Strombosia postulate and Pleiocarpa pycnantha species were the most important species in Gashaka Gumti and Nyel Nyaki protected areas respectively. In SGS, Pericopsis laxiflora and Hymenocardia acida were among the abundant species in Wasaji and Baissa forest reserves respectively while Ziziphus mauritiana in Jen Giginya and Hymenocardia acida in Bakin Dutse were recorded in NGS. Ziziphus mauritiana was found to have the highest important value index (42.97) in the study area. Mangifera indica, Goria sp, Afzelia africana, Elaesis guneensis, Combretum tomentosum and Ficus sur stood out as the rarest species due to their low IVI in the Gashaka Gumti, Nyel Nyaki, Wasaji, Baissa, Jen Giginya and Bakin Dutse protected areas respectively (Appendix I). Fig. 3 shows the result of population structure of woody species in the study area which indicated that the number of individual woody species was high in the lower diameter classes. Most individuals, 59 (15.05%) in Gashaka, 387 (26.69%) in Ngel Nyaki, 145 (26.90%) in Wasaji, 140 (19.18%) in Baissa, 97(26.87%) in Jen Giginya and 97 (27.43%) in Bakin Dutse were in the first diameter class (1 = < 11 cm) with a gradual decrease towards middle classes with many tree stands having branches at the breast height or below and a sharp rise in the highest diameter class, Ngel Nyaki had the highest number of individual woody stands in all the diameter classes. Consequently, the woody species recorded from the three ecological zones exhibited stable population structures composed of the highest density of individuals [446 (24.21%) in MF, 285 (22.46%) in SGS and 176 (27.12%) in NGS] at the lowest diameter class (1 = < 11 cm) followed by an abrupt drop in diameter class 2 = 11-20 cm and little rise in diameter class 3 = 21-30cm in SGS and NGS. A gradual declining densities of individuals occurred in the increasing diameter classes with a sharp rise in the highest Diameter class giving it a "U" shape (Fig. 4) .
Population Structure
Diameter Distribution in all the Ecological Zones of the Study Area
The results of diameter curve distribution are shown in Figs. 3 and 4. The results indicated that the diameter class distribution of the population structure produced an interrupted "U" shaped 
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curve which seemed to show a pattern where species frequency distribution had the highest frequency in the lower diameter classes and a gradual decrease towards the middle diameter classes with a sharp rise in the highest class (8 = > 70 cm).
Comparison of Species Composition and Structure
Analysis of variance (ANOVA) result indicated that the F-calculated value (0.77) in woody species composition and structure was less than the F-tabulated value (4.23) at 0.05 level of significance among the protected areas of the study area. This means that there is no significant difference (p>0.05) among the protected areas. Similarly, the ANOVA revealed that F-calculated value (0.88) was less than the F-tabulated value (3.37) at 0.05 level of significance among the three ecological zones of the study area which also implies that the woody species composition and structure among the ecological zones of the study area is not significantly different (p>0.05).
DISCUSSION
The composition woody species from Montane forest zone was similar to the ones in our neighbouring Cameroon in Kalfou Forest Reserve where 28 families, 58 genera and 86 species were recorded [14] . In line with [15] , which recorded 28 families, 54 genera and 75 species in non-cultivated plain of Moutourwa, Cameroon which shares boundary with the Montane forest ecological zone. A Large number of woody species occur in Ngel Nyaki forest reserve of Montane forest. However a modification of the species composition was observed in both the Southern and Northern guinea savanna having more similar species and different dominant species compared with the Montane forest, this could be attributed to differences in the climatic and edaphic conditions [3, 16, 17] ; and difference of anthropogenic pressure [15] between Motane forest zone and the other two ecological zones.
Strombosia postulate and Pleiocarpa pycnantha were the dominant woody species with high important value indices in Montane forest zone as opposed to Pericopsis laxiflora and Ziziphus mauritiana which dominated the Southern and Northern guinea savanna respectively. These species indicate economic and ecological significant in these zones and this confirms the view of [18] that the important value index is an important parameter that indicates the economic and ecological significance of species in a given ecosystem. [15] Woody species diameter class distribution is an important indicator of changes in population structure and species composition of a forest ecosystem. In this wise, the number of woody species in the study area was found to be very low in the middle diameter classes. This implies that the merchantable volume of woody species in the study area is adversely affected by the high degree of exploitation, farming and settlement. The lack of trees at the middle diameter classes of the study may be due to harvesting of such trees for sale in the urban areas as evidenced by numerous stumps in [32] , all in Ethiopia. Generally speaking, only few species with few matured individuals dominated the ecological zones of the study area in their composition, and structure while many of the species were very rare or low in their composition and structure. Such a result reflects adverse environmental situations and random distribution of available resources [33,34].
The poor composition and structure of woody species in the study area that does not show significant difference may be connected to the high number of species with lowest densities, dominance and important value indices recorded in the study area which is a clear indication that the major population of woody species in the study area were young as confirmed by the diameter curve distribution of the study. This development may be due to the disturbance history [35] of the study area. This confirms [36] that basal area significantly declines with decreasing patch size.
CONCLUSION
The knowledge of the composition and structural characteristics of woody species is highly necessary to the understanding of woody species and other forest resources for effective conservation. These have led to calls for urgent conservation attention as most of the species in the study area were found to possess low dominance and basal area values leading to low important value index. The Important value indices revealed the most ecologically important woody species in the study area and those to be prioritized for conservation. The species having low important value indices need to be prioritized for conservation. The diameter class distribution pattern of woody individuals that showed an interrupted "U" shape is a reflection of more good regeneration profile in the study area; this needs appropriate management techniques to improve the nature of the forest population and structure in the study area.
RECOMMENDATIONS
There should be greater investment in research to improve the quality of information on woody species and to improve our understanding of woody species composition and structure for effective and sustainable management.
Recovery plans and blue prints for the restoration and afforestation of threatened species should be done as a matter of urgency through the use of traditional and in-situ means for optimal composition and forest structure. Rare and endangered species should be conserve using ex-situ strategy for proper care and attention.
More protected areas and area exclosures should be established to protect the structural population of the larger lowest diameter distribution classes. 
